To evaluate the antioxidant effects of vitamin C, vitamin E and sorghum bran, alone or in combination on chicken sausages, 9 kg of chicken thigh meat was prepared. All thigh meat was divided into seven different batches as follows; no antioxidant (CON); vitamin C (VTC), vitamin E (VTE) or sorghum bran (SOR) at 0.02%; or three different combination ratios of vitamin C, vitamin E and sorghum bran at 0.02% (VT2, 2:1:1; VT4, 4:1:1; VT6, 6:1:1). All cooked sausages were stored at 4 o C, and six sausages per treatment were used for chemical analysis on five different storage days. As the addition of vitamin E was increased, sausages stored for 10 d had decreased redness; thereby, VTE showed the lowest CIE a* (p<0.05). Sausages mixed with vitamins and sorghum bran combinations had lower peroxide and free fatty acid values (p<0.05) when compared to sausages without antioxidants. The TBARS were the lowest in sausages containing vitamin C, vitamin E and sorghum bran at 6:1:1 ratio, and they significantly differed to CON, VTC and SOR treatments (p<0.05). Therefore, our results suggest that meat mixed with vitamins and sorghum bran had more antioxidant activity than the meat mixed with only antioxidant vitamins or without antioxidants.
Introduction
One of the major concerns related to poultry processing, from an economical point of view, is the product stability during storage. For this reason, synthetic antioxidants including butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), ethoxyquin and propyl gallate are commonly added to poultry products in order to extend storage in a commercial market (Kahl, 1984) . The addition of synthetic antioxidants to poultry products helps in maintaining a lower market price as the storage period increases. However, due to a higher demand for natural and healthier foods, and to consumer concerns about some negative health effects of synthetic antioxidants (Okonogi et al., 2007) , some poultry processors are now looking for alternatives to reduce or remove synthetic antioxidants from their products. However, it seems that natural antioxidants used alone do not increase shelf life as expected, leading to deterioration of poultry products at a faster rate. Therefore, a new approach to maintain the poultry product quality and to satisfy the expectations of healthy conscious consumers is necessary.
Vitamins C (ascorbic acid, VTC) and E (α-tocopherol, VTE) are naturally occurring antioxidants which can be added to poultry products and are very safe to humans. When fruit and vegetable derivatives are added to poultry products, only limited VTC or VTE is available to work as an electron donor and reduce the release of reactive oxygen species (ROS) during storage (Blokhina et al., 2003) . The antioxidant effects of VTE on poultry products are limited due to its lipophilic characteristics (Packer et al., 1979) . Therefore, a strategy to increase the antioxidant effects of VTE is necessary. It has been reported that both VTC and VTE have synergistic effects when they are blended and added to poultry products (Doba et al., 1985) . Ascorbate has been shown to prevent the pro-oxidant activity of α-tocopherol by reducing the α-tocopheroxyl radical to α-tocopherol, and then acting as a co-antioxidant (Blokhina et al., 2003; Packer et al., 1979; Peyrat-Maillard et al., 2001) . Through this mechanism, VTC supplementation has been reported to increase or restore VTE (Padayatty et al., 2003; Wayner et al., 1986) . However, VTC can also be a pro-oxidant which accelerates the release of ROS in poultry products when electrons are donated (Podmore et al., 1998) . Therefore, a powerful electron donor to regenerate oxidized VTC and oxidized VTE is required. Sorghum bran (SOR) may be a possible natural electron donor. The antioxidant effects of SOR were verified when 0.5% SOR was added, mixed and pre-cooked in ground beef patties and stored up to 10 d (Shin, 2006) . The SOR contains both hydrophobic and hydrophilic polyphenols (Kamath et al., 2004) and may act as a strong electron donor to restore electrons for both water and lipid soluble vitamins. Therefore, we hypothesize that the combination of VTC, VTE and SOR will have synergistic antioxidant effects on poultry meat. Therefore, this study was conducted to evaluate the antioxidant effects of VTC C and VTE in combination with SOR at three different ratios in broiler chicken sausages.
Materials and Methods

Sample preparation
Nine kg of commercial chicken thigh meat were purchased from a retail store, trimmed, coarse ground (KitchenAid Professional 600 & KitchenAid Food Grinder Stand Mixer Attachment, KitchenAid, USA), weighed, and divided into seven different groups (1 kg/group).
Preparation of cooked chicken sausage Pork fat and non-meat ingredients including salt, sodium tripolyphosphate (STP), starch and ice were added to each meat group as described in Table 1 . The mixture was fine ground and divided into seven formulations that were treated with either no antioxidants (control), or 0.02% vitamin C (Sigma-Aldrich, USA), 0.02% vitamin E (SigmaAldrich, USA), 0.02% sorghum bran, or three combination ratios of vitamin C:vitamin E and sorghum bran at 2:1:1, 4:1:1 and 6:1:1, respectively (all combinations providing 0.02% of antioxidants). Each treatment was mixed in a paddle stand mixer (KitchenAid Professional 600 & KitchenAid Food Grinder Stand Mixer Attachment, KitchenAid, USA) for 2 min to achieve uniform distribution of antioxidant in the ground chicken thigh meat matrix. The control group also had a mix step, but no antioxidant was included during mixing. Sausages of 12 Treatment: CON (control), no antioxidant; VTC, vitamin C (0.02%); VTE, vitamin E (0.02%); SOR, sorghum bran (0.02%); VT2, 2:1:1 (vitamin C: vitamin E: sorghum bran; 0.02%); VT4, 4:1:1 (vitamin C: vitamin E: sorghum bran; 0.02%); VT6, 6:1:1 (vitamin C: vitamin E: sorghum bran, 0.02%)
